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COMPOSITIONS AND METHODS FOR 
MAKING THERAPES DELIVERED BY 
VIRAL VECTORS REVERSIBLE FOR 
SAFETY AND ALLELE-SPECIFICITY 

RELATIONSHIP TO PRIORAPPLICATION 

This application is a continuation-in-part of U.S. applica 
tion Ser. No. 1 1/592,812 filed on Nov. 3, 2006, and incorpo 
rated by reference into the instant disclosure. 

BACKGROUND 

In gene therapy a carrier molecule called a vector must be 
used to deliver the therapeutic gene to the patient's target 
cells. Currently, the most common vector is a virus that has 
been genetically altered to contain therapeutic genetic 
sequences either to Supplement expression of genes which are 
expressed in abnormally low levels or to inhibit expression of 
disease-causing genes. Target cells Such as, for example, the 
patient’s liver or lung cells are infected with the virus. The 
viral genome may then enter the nucleus of the cell and 
express the therapeutic sequence. If successful, gene therapy 
provides a way to fix a problem at its source. Adding a cor 
rected copy of the gene may help the affected cells, tissues 
and organs work properly. Gene therapy differs from tradi 
tional drug-based approaches, which may treat the problem, 
but which do not repair the underlying genetic flaw. 
One of the limitations of most gene therapies or vector 

mediated RNA interference therapies delivered by viral or 
non-viral DNA vectors is that these therapies, once adminis 
tered, are irreversible. Thus, the therapy could not be discon 
tinued even if the patient were to have an unacceptable 
adverse reaction to the therapy. This inability for the switch 
ing gene therapy off may be detrimental or perhaps fatal to a 
patient. 

It has been 15 years now that the Creflox system has been 
used as a way to regulate heterologous gene expression. The 
system begins with the cre gene, which encodes a site-specific 
DNA recombinase named Cre. Cre protein can recombine 
DNA when it locates specific sites in a DNA molecule. These 
sites are known as loXP sequences, which are 34 base pairs 
long and serve as substrates for the Cre-mediated recombi 
nation. When cells that have loxP sites in their genome also 
express Cre, the protein catalyzes a reciprocal recombination 
event between the loxP sites. Literally, the double stranded 
DNA is cut at both loxP sites by the Cre protein and then 
ligated back together. As a result, the DNA in between the 
loXP sites is excised and Subsequently degraded. 

This system has allowed researchers to create a variety of 
genetically modified animals and plants with the gene of their 
choice being externally regulated. For example, Sundaresan 
et al. have demonstrated that a PET reporter gene (PRG), the 
herpes simplex virus type 1 thymidine kinase (HSV1-tk), can 
be made to remain silent and can be activated by Cre-loxP 
mediated recombination in cell culture and in living mice. 
Gene Ther., 11 (7):609-18 (2004). 

Recently, Scientists have begun to recognize that the Cre 
loxP system and other similar systems can be used for revers 
ible genetherapy. For example, WO2005/112620 describes a 
gene therapy system comprising CrefloxP system. In their 
system, however, Cre is expressed in vivo. The expression of 
Crein vivo often results in undesired expression of Cre due to 
leakage of the system. Such expression often results in 
unwanted genome rearrangements, and thus is unsafe for use 
in humans. 
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2 
WO2005/039643, U.S. Patent Application Publication 

Nos. 20050130919, 2003.0022375, 20020022018, and 
20040216178 also discloses either a CrefloxPoran FLP/FRT 
system, but the application does not describe the use of exog 
enously applied Cre or use of a combination of Cre co-deliv 
ered with a cellular uptake enhancer. 

U.S. Patent Application Publication No. 20030027335, 
discloses a CrefloxP system with exogenously applied Cre 
but do not disclose that such system can be used to treat any 
human diseases. 

Further, references fail to teach a system with multiple 
flanking sequences, thus failing to teach a system added pre 
cision in modulating gene as well as a safety shut-off of the 
system. 

Thus, there continues to be a need in the for novel compo 
sitions, kits, and methods of providing and regulating treat 
ments delivered by gene therapy. 

SUMMARY OF INVENTION 

This invention fulfills this and other foregoing needs by 
providing compositions, methods and kits for regulation of 
gene therapies, including, without limitation, reversible gene 
therapies and allele-specific therapies. 

In one aspect, the invention provides a deoxyribonucleic 
acid sequence comprising: a first sequence, said first 
sequence having a 5' end and a 3' end; and a second sequence, 
said second sequence having a 5' end and a 3' end; and a first 
pair of flanking sequences, wherein a first member of the first 
pair is located upstream of the 5' end of the first sequence and 
a second member of the first pair is located downstream of the 
3' end of the second sequence; and a second pair of flanking 
sequences, wherein a first member of the second pair is 
located downstream of the 3' end of a first member of the first 
pair and upstream of the 5' end of the first sequence; and a 
second member of the second pair is located downstream of 
the 3' end of the first sequence and upstream of the 5' end of 
the second sequence; wherein: one of the first sequence or the 
second sequence encodes a siRNA or shRNA capable of 
reducing mutated huntingtin and the other of the first 
sequence or the second sequence encodes a brain-derived 
neurotrophic factor (BNDF), the first sequence is excisable 
from said deoxyribonucleic acid sequence upon exposure of 
said deoxyribonucleic acid sequence to a first sequence modi 
fier, and either: the second sequence is excisable from said 
deoxyribonucleic acid sequence upon exposure of said deox 
yribonucleic acid sequence to a second sequence modifier, or 
both the first and second sequences are excisable together 
from the said deoxyribonucleic acid sequence upon exposure 
of said deoxyribonucleic acid sequence to a second sequence 
modifier. 

In different embodiments of the invention, the first 
sequence modifier is different from the second sequence 
modifier, the first sequence modifier is selected from the 
group consisting of Cre recombinase, FLP recombinase, and 
phiC31 recombinase; and the second sequence modifier is 
selected from the group consisting of Cre recombinase, FLP 
recombinase, and phiC31 recombinase. 
One of the first sequences or the second sequence may 

comprise a DNA sequence encoding a siRNA or shRNA 
useful for allele-specific treatment of Huntington's disease. 
Such siRNA or shRNA, is a double-stranded structure, 
wherein the first strand, in different embodiments, comprises 
one of SEQID NO: 1-124. 
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In another aspect, the invention provides a kit comprising 
the DNA sequence as described above, the first sequence 
modifier, the second sequence modifier and a set of instruc 
tions. 

In different embodiments of the invention, the first 
sequence modifier or the second sequence modifier or both 
the first sequence modifier and the second sequence modifier 
is operably linked to a cell penetrating peptide moiety that 
enhances cellular uptake of the sequence modifier. 

In another aspect, the invention provides method of termi 
nating a treatment of Huntington's disease by the DNA 
sequence of claim 1, the method comprising administering to 
a Subject in need thereof at least one of the first sequence 
modifier or the second sequence modifier. 

Preferably, the first sequence modifier is different from the 
second sequence modifier and in different embodiments, the 
first and second sequence modifiers may be selected from the 
group consisting of Cre recombinase, FLP recombinase, and 
phiC31 recombinase. 

Further, in different embodiments, the first sequence modi 
fier or the second sequence modifier or both the first sequence 
modifier and the second sequence modifier is operably linked 
to a cell penetrating peptide moiety that enhances cellular 
uptake of the sequence modifier. 

In one embodiment of the invention, the first sequence 
modifier and/or the second sequence modifier is administered 
by an intracranial injection. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates improvement in the number footslips 
committed at five and eight months of age by transgenic 
(BAC-HD) mice treated at 2 months of age (1 week after 
behavior testing at 2 months age) with Creor Cre+BDNF, and 
trained to traverse a circular beam. 

FIG. 2 illustrates the increase of distance traveled at five 
and eight months of age by transgenic (Tg BAC-HD) mice 
treated with Creor Cre--BDNF at 2 months of age, and trained 
to traverse a circular beam. 

FIG. 3 illustrates decrease in the time to traverse the beam 
at five and eight months of age by transgenic (Tg BAC-HD) 
mice treated with Cre or Cre+BDNF at 2 months of age. 

FIG. 4 illustrates an improvement of locomotor activity in 
Tg BAC-HD mice upon treatment with AAV-Cre+AAV 
BDNF. 

FIG. 5 demonstrates that treatment of Tg BAC-HD mice, 
with AAV-Cre+AAV-BDNF does not affect performance in 
the accelerating rotarod test. 

FIG. 6 demonstrates that Tg BAC-HD mice treated with 
Cre+BDNF tend to demonstrate a reduced anxiety. 

FIG.7 demonstrates that treatment with Cre with or with 
out BDNF tends to improve the performance of Tg BAC-RD 
mice in the novel object recognition test. 

FIG. 8 demonstrates that Tg BAC-HD mice progressively 
gain weight as compared to wt animals. 

DETAILED DESCRIPTION 

For the purposes of this invention, the following non-lim 
iting definitions are provided: 
The sequence modifiers including sequence-specific DNA 

recombinases, including, by the way of example, at least the 
first sequence modifier, refer to native sequences of Cre, FLP, 
and (pC31, as well as genetically engineered variants thereof, 
which at least partially confer recombination activity of the 
native proteins. Accordingly, “Cre” refers to both native Cre 
protein and genetically modified variants thereof, capable of 
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4 
recognizing loXP sites and mediating a recombination event 
between them, in some cases this will result in the excision of 
a sequence between these loxP sites. 
The flanking sequences, including, by the way of example, 

the first member of the first pair of flanking sequences, refer 
to native sequences of loxP, FRT, and attB, attP as well as 
genetically engineered variants thereof, which at least par 
tially serve as a DNA recognition sequence and Substrate for 
the recombination activity of their respective sequence modi 
fiers. For example, other suitable lox sites include LoxB, 
LoXC2, LOXL and LOXR sites which are nucleotide sequences 
isolated from E. coli. Hoess et al., Proc. Natl. Acad. Sci. USA 
793398 (1982). In this disclosure, all these sequences are 
referred to under the generic name “loxP” Accordingly, 
“loxP refers to both a native and a genetically engineered 
sequence which is recognized by Cre, wherein Cre is capable 
ofmediating a recombination event between a pair of the loxP 
sites. In some instances, this recombination will result in the 
excision of the DNA sequence residing between the loxP sites 
in the substrate DNA. 
The terms “penetration enhancer”, “cell penetration 

enhancer, and "cellular uptake enhancer: includes single 
compounds as well as compositions comprising a plurality of 
compounds, wherein the combination of those compounds 
improves targeted delivery and/or cellular uptake of a 
sequence modifier (e.g., the first sequence modifier). 
The term “functionally equivalent” sequence modifiers 

refers to the ability of the sequence modifiers to recognize the 
same flanking sequences. 
The term “gene' refers to a DNA sequence that comprises 

control and coding sequences necessary for the production of 
a polypeptide or its precursor. The polypeptide can be 
encoded by a full length coding sequence (either genomic 
DNA or cDNA) or by any portion of the coding sequence so 
long as the desired activity is retained. In some aspects, the 
term “gene also refers to an mRNA sequence or a portion 
thereof that directly codes for a polypeptide or its precursor. 
The term “transfection” refers to the uptake of foreign 

DNA by a cell. A cell has been “transfected when exogenous 
(i.e., foreign) DNA has been introduced inside the cell mem 
brane. Transfection can be either transient (i.e., the intro 
duced DNA remains extrachromosomal and is diluted out 
during cell division) or stable (i.e., the introduced DNA inte 
grates into the cell genome or is maintained as a stable epi 
Somal element). 

“Cotransfection” refers to the simultaneous or sequential 
transfection of two or more vectors into a given cell. 
The term “promoter element” or “promoter' or “regulatory 

region” refers to a DNA regulatory region capable of being 
bound by an RNA polymerase in a cell (e.g., directly or 
through other promoter-bound proteins or Substances) and 
allowing for the initiation of transcription of a coding or 
non-coding RNA sequence. A promoter sequence is, in gen 
eral, bounded at its 3' terminus by the transcription initiation 
site and extends upstream (5' direction) to include the mini 
mum number of bases or elements necessary to initiate tran 
Scription at any level. Within the promoter sequence may be 
found a transcription initiation site (conveniently defined, for 
example, by mapping with nuclease S1), as well as protein 
binding domains (consensus sequences) responsible for the 
binding of RNA polymerase. The promoter may be operably 
associated with other expression control sequences, includ 
ing enhancer and repressor sequences. 
The term “in operable combination”, “in operable order” or 

“operably linked’ refers to the linkage of nucleic acid 
sequences in Such a manner that a nucleic acid molecule 
capable of directing the transcription of a given gene and/or 
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the synthesis of a desired protein molecule is produced. The 
term also refers to the linkage of amino acid sequences in Such 
a manner so that a functional protein is produced. 
The term “vector” refers to a nucleic acid assembly capable 

of transferring gene sequences to target cells (e.g., viral vec 
tors, non-viral vectors, particulate carriers, and liposomes). 
The term “expression vector” refers to a nucleic acid assem 
bly containing a promoter which is capable of directing the 
expression of a sequence or gene of interest in a cell. Vectors 
typically contain nucleic acid sequences encoding selectable 
markers for selection of cells that have been transfected by the 
vector. Generally, “vector construct,” “expression vector.” 
and "gene transfer vector, refer to any nucleic acid construct 
capable of directing the expression of a gene of interest and 
which can transfer gene sequences to target cells. Thus, the 
term includes cloning and expression vehicles, as well as viral 
VectOrS. 

The term “antibody” refers to a whole antibody, both poly 
clonal and monoclonal, or a fragment thereof, for example a 
F(ab), Fab, FV, VH or VK fragment, a single chain antibody, 
a multimeric monospecific antibody or fragment thereof, or a 
bi- or multi-specific antibody or fragment thereof. The term 
also includes humanized and chimeric antibodies. 
The term “treating or “treatment of a disease refers to 

executing a protocol, which may include administering one or 
more drugs to a patient (human or otherwise), in an effort to 
alleviate signs or symptoms of the disease. Alleviation can 
occur prior to signs or symptoms of the disease appearing, as 
well as after their appearance. Thus, “treating or “treatment 
includes “preventing or “prevention of disease. In addition, 
“treating” or “treatment” does not require complete allevia 
tion of signs or symptoms, does not require a cure, and spe 
cifically includes protocols which have only a marginal effect 
on the patient. 
The term “patient” refers to a biological system to which a 

treatment can be administered. A biological system can 
include, for example, an individual cell, a set of cells (e.g., a 
cell culture), an organ, a tissue, or a multi-cellular organism. 
A patient can refer to a human patient or a non-human 
patient. 
The term “practitioner” refers to a person who uses meth 

ods, kits and compositions of the current invention on the 
patient. The term includes, without limitations, doctors, 
nurses, scientists, and other medical or scientific personnel. 
The terms “miRNA molecule,” “siRNA molecule. 

“shRNA molecule,” “RNA molecule. “DNA molecule.” 
“cDNA molecule' and “nucleic acid molecule' are each 
intended to cover a single molecule, a plurality of molecules 
of a single species, and a plurality of molecules of different 
species. 
The term “marker sequence” refers to an amino acid 

sequence encoding a marker protein or a part thereof. The 
distinct feature of the marker protein or the part thereof is that 
such marker protein or the part thereof is can be visualized 
using routine visualization techniques. The marker protein or 
parts thereof include, without limitation, Green Fluorescent 
Protein, Red Fluorescent Protein, or f3-galactosidase. Expres 
sion of these marker proteins allows direct visualization of 
cells in which those proteins are expressed. Further, the 
examples of marker proteins or parts thereof include, without 
limitation, a ferritin protein, a transferrin receptor protein, an 
iron regulatory protein, or an iron Scavenger protein, or func 
tional parts thereof capable of Scavenging metal ions, as 
described in U.S. Patent Publication 2006.0024662 (Ahrens). 
The cells expressing those proteins can be visualized by non 
invasive techniques, such as, for example, MRI. 
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6 
The term "chronically implanted with respect to a device 

refers to a device that remains in the body of a patient, after 
being positioned in a bodily tissue of the patient by a practi 
tioner, for any period of time after the patient encounter with 
the practitioner is completed and the patient has departed 
from the presence of the practitioner. 
The term “mutated huntingtin refers to a huntingtin pro 

tein having an expanded number of CAG repeats and thereby 
causing a patient to have Huntington's disease. This term also 
refers to nucleic acid sequence (e.g., mRNA) encoding Such 
protein. 
The methods of the present invention utilize routine tech 

niques in the field of molecular biology. Basic texts disclosing 
general, molecular biology methods include Sambrook et al., 
Molecular Cloning, A Laboratory Manual (3d ed. 2001) and 
Ausubel et al., Current Protocols in Molecular Biology 
(1994). 
A person of ordinary skill in the art would recognize that 

deoxyribonucleic acid sequence of the present invention may 
be incorporated into different vectors or delivered as a naked 
(vectorless) DNA. The vectors suitable for hosting the deox 
yribonucleic acid sequence of the present invention include, 
without limitations, plasmid vectors and viral vectors. Viral 
expression vectors are preferred, particularly those that effi 
ciently transduce central nervous system cells (e.g., alphavi 
ral, lentiviral, retroviral, adenoviral, adeno-associated viral 
(AAV)) (Williams and Koch, Annu. Rev. Physiol. 66:49 
(2004); del Monte and Hajjar, J. Physiol. 546.1:49 (2003). 

In one embodiment, the vector comprises an adeno asso 
ciated virus (AAV), from the parvovirus family. A person of 
ordinary skill in the art will recognize that among the advan 
tages of AAV are the facts that AAV is not pathogenic and that 
most people treated with AAV will not build an immune 
response to remove the virus. 

Both adenoviral and AAV vectors have been shown to be 
effective at delivering transgenes (including transgenes 
directed to desired target genes) into central nervous system 
cells. See, e.g., Bankiewicz et al., “Long-Term Clinical 
Improvement in MPTP-Lesioned Primates after Gene 
Therapy with AAV-hAADC. Mol. Ther., E-publication Jul. 
6, 2006 (A combination of intrastriatal AAV containing a 
nucleic sequence encoding L-amino acid decarboxylase 
inhibitor (AAV-haADC) gene therapy and administration of 
the dopamine precursor 1-Dopa to MPTP-lesioned monkeys, 
resulted in long-term improvement in clinical rating scores, 
significantly lowered 1-Dopa requirements, and a reduction 
in 1-Dopa-induced side effects); Machida et. al., Biochem 
Biophy's Res Commun, 343(1):190-7 (2006) (Reporting a 
direct inhibition of mutant gene expression by raAV-medi 
ated delivery of RNAi into the HD model mouse striatum 
after the onset of disease); Mittoux at al. J Neurosci, 22(11): 
4478-86 (2002). (Adenovirus-mediated ciliary neurotrophic 
factor delivery to brain resulted in increased survival of stri 
atal neurons in response to a neurotoxin). 
The deoxyribonucleic acid sequence of the present inven 

tion comprises at least one pair of flanking sequences and a 
first sequence located between the members of the first pair of 
flanking sequences. Suitable flanking sequences are those 
which are recognized by at least one sequence modifier. A 
person of ordinary skill in the art will recognize that if the at 
least one sequence modifier is selected from the group con 
sisting of Cre, FLP and dC31, the flanking sequences would 
comprise loxP, FRT, or attB/attP respectively. The major 
limitation on flanking sequences is that they interact with the 
at least one sequence modifier resulting in removal of a 
sequence between the flanking sequences (e.g., the first 
sequence). 



US 8,324,367 B2 
7 

In different embodiments of the invention, the deoxyribo 
nucleic acid sequence may comprise more than one pair of 
flanking sequences. Such as, for example, a first pair of flank 
ing sequences and a second pair of flanking sequences. 
A person of ordinary skill in the art will appreciate that at 5 

least two arrangements of these pairs of the flanking 
sequences are possible. In one arrangement, the members of 
one of flanking sequences (for example, the first pair) are 
located outside of a sequence defined by a 5' end of the first 
member of at least the second pair of flanking sequences and 10 
a 3' end of the second member of at least the second pair of 
flanking sequences. In this embodiment, addition of one 
sequence modifier (for example, the first sequence modifier) 
will not result in removal of the second sequence (which is 
located between the members of the at least the second pair of 15 
the flanking sequences). By the same logic, addition of the 
second sequence modifier will not result in removal of the 
first sequence, which is located between the (embers of the 
first pair of flanking sequences. This arrangement is advan 
tageous for allele therapy, as discussed below. 2O 

In another arrangement, the deoxyribonucleic acid 
sequence comprises a first sequence, said first sequence hav 
ing a 5' end and a 3' end; a second sequence, said second 
sequence having a 5' end and a 3' end; a first pair of flanking 
sequences, wherein a first member of the first pair is located 25 
upstream of the 5' end of the first sequence and a second 
member of the first pair is located downstream of the 3' end of 
the second sequence; and a second pair of flanking sequences, 
wherein a first member of the second pair is located down 
stream of the 3' end of a first member of the first pair and 30 
upstream of the 5' end of the first sequence; and a second 
member of the second pair is located downstream of the 3' end 
of the first sequence and upstream of the 5' end of the second 
sequence This arrangement provides an emergency shut-off 
administration of the first sequence modifier will result in 35 
removal of the both first and the second sequences. 
The sequences between the members of the pair or pairs of 

flanking sequences preferably encode for bioactive mol 
ecules. These bioactive molecules may be designed accord 
ing to the needs of the gene therapy. For example, if the 40 
practitioner desires to block the expression of a target gene 
expressed in the target area, Suitable sequences for bioactive 
molecule will encode for miRNA, or shRNA, or siRNA. In 
one embodiment, the target area is located within the central 
nervous system of the patient, e.g., the brain or cerebrospinal 45 
fluid. In Such embodiment, the target genes include, without 
limitation, IT15/HD, DRPLA, SCA1, SCA2, SCA3/MJD, 
SCA7, BACE1, and SNCA/alpha-synuclein. 
On the other hand, if the practitioner desires to supplement 

the expression of the target gene, Suitable sequences for the 50 
bioactive molecule will encode for the protein encoded by the 
target gene. For example, if the target area is located within 
the central nervous system, different enzymes or other types 
of proteins may be produced. In one embodiment, the protein 
is hexosaminidase A. In additional embodiments, the 55 
sequences between the members of the pair or pairs of flank 
ing sequences may comprise marker sequences. 
A person of the ordinary skill in the art will appreciate that 

brain is not the only target area to which the systems, methods 
and kits of the instant invention can be administered. Another 60 
non-limiting example of the target area Suitable to be treated 
with the systems, methods and kits of the instant is myocar 
dium. In such embodiment, the target genes include, without 
limitation, phospholamban, SERCA2a, Kir2.1, KCNJ2, 
HCN2, and HCN4, 65 
The design and use of small interfering RNA complemen 

tary to mRNA targets that produce particular proteins is a 

8 
recent tool employed by molecular biologists to prevent 
translation of specific mRNAs. Various groups have been 
recently studying the effectiveness of siRNAs as biologically 
active agents for Suppressing the expression of specific pro 
teins involved in neurological disorders. For example, Caplen 
et al. (Human Molecular Genetics, 11(2): 175-184 (2002)) 
assessed a variety of different double stranded RNAs for their 
ability to inhibit cell expression of mRNA transcripts of the 
human androgen receptor gene containing different CAG 
repeat lengths. Their work found gene-specific inhibition 
occurred with double stranded RNAs containing CAG 
repeats only when flanking sequences to the CAG repeats 
were present in the double stranded RNAs. They were also 
able to show that constructed double stranded RNAs were 
able to rescue caspase-3 activation induced by expression of 
a protein with an expanded polyglutamine region. (Xia, Mao, 
et al., Nature Biotechnology, 20: 1006-1010 (2002)) demon 
strated the inhibition of polyglutamine (GAG) expression in 
engineered neural PC12 clonal cell lines that express a fused 
polyglutamine-fluorescent protein using constructed recom 
binant adenovirus expressing shRNAS targeting the mRNA 
encoding green fluorescent protein. 
One aspect of the present invention provides an siRNA 

molecule corresponding to at least a portion of a target gene 
siRNAs are typically short (19-29 nucleotides), double 
Stranded RNA molecules that cause sequence-specific degra 
dation of complementary target mRNA in a process known as 
RNA interference (RNAi) (Bass, Nature 411-428 (2001)). 

Accordingly, in some embodiments, the siRNA molecules 
comprise a double-stranded structure comprising a sense 
Strand and an antisense Strand, wherein the antisense Strand 
comprises a nucleotide sequence that is complementary to at 
least a portion of a desired nucleic acid sequence and the 
sense Strand comprises a nucleotide sequence that is comple 
mentary to at least a portion of the nucleotide sequence of said 
antisense region, and wherein the sense strand and the anti 
sense strand each comprise about 19-29 nucleotides. 
Any desired nucleic acid sequence can be targeted by the 

siRNA molecules of the present invention. Nucleic acid 
sequences encoding desired gene targets are publicly avail 
able from Genbank. In one embodiment, an siRNA molecule 
corresponds to at least a portion of a gene containing an SNP 
variant of an allele in a heterozygous Subject that is on the 
same mRNA transcript as a disease-causing mutation located 
at a remote region of the gene's mRNA, wherein Such siRNA 
nucleic acid sequence is capable of inhibiting translation of 
the mRNA for the allele containing the disease-causing muta 
tion in a cell. This embodiment is particularly suitable for 
allele-specific therapy as described below. 
The siRNA molecules targeted to desired sequence can be 

designed based on criteria well known in the art (e.g., Elbashir 
et al., EMBO J. 20:6877 (2001)). For example, the target 
segment of the target mRNA preferably should begin with AA 
(most preferred), TA, GA, or CA; the GC ratio of the siRNA 
molecule preferably should be 45-55%; the siRNA molecule 
preferably should not contain three of the same nucleotides in 
a row; the siRNA molecule preferably should not contain 
seven mixed G/Cs in a row; the siRNA molecule preferably 
should comprise two nucleotide overhangs (preferably TT) at 
each 3' terminus; the target segment preferably should be in 
the ORF region of the target mRNA and preferably should be 
at least 75bp after the initiation ATG and at least 75bp before 
the stop codon; and the target segment preferably should not 
contain more than 16-17 contiguous base pairs of homology 
to other coding sequences. 

Based on some or all of these criteria, siRNA molecules 
targeted to desired sequences can be designed by one of skill 
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in the art using the aforementioned criteria or other known 
criteria (e.g., Gilmore et al., J. Drug Targeting 12:315 (2004); 
Reynolds et al., Nature Biotechnol. 22:326 (2004); Ui-Tei et 
al., Nucleic Acids Res., 32:936 (2004)). Such criteria are 
available in various web-based program formats useful for 
designing and optimizing siRNA molecules siLESIGN Cen 
ter at Dharmacon; BLOCK-iT RNAi Designer at Invitrogen; 
siRNA Selector at Wistar Institute; siRNA Selection Program 
at Whitehead Institute; siRNA Design at Integrated DNA 
Technologies; siRNA Target. Finder at Ambion; and siRNA 
Target Finder at Genscript). 

Short hairpin RNA (shRNA) molecules fold back on them 
selves to produce the requisite double-stranded portion (Yu et 
al., Proc. Natl. Acad. Sci. USA99:6047 (2002)). Such single 
stranded RNA molecules can be produced using DNA tem 
plates (e.g., Yu et al., Proc. Natl. Acad. Sci. USA 99:6047 
(2002)). 

In another embodiment, the present invention may be used 
for allele-specific therapy. For example, it has long been 
known that Huntington disease is a dominant-negative dis 
ease caused by an increased number of the CAG repeats at the 
5' end of the mRNA. It is also known that a single mutant copy 
of the gene is Sufficient to cause the disease, and that a single 
nonmutant copy of the gene is sufficient for normal neuronal 
development and function. It is further known that the Hun 
tington gene, IT15, has many Single Nucleotide Polymor 
phisms downstream of the CAG repeats. As disclosed in a 
Previously submitted application, it is possible to diagnose 
which variant of SNP in the Huntington gene corresponds to 
(that is, is part of the same molecule as) the allele containing 
the pathologically increased number of CAG repeats (See 
U.S. patent application Ser. No. 1 1/439,858, filed on May 24, 
2006, which is incorporated herein by reference in its 
entirety). That application also disclosed the use of siRNA for 
allele-specific treatment of Huntington's and other diseases. 
Thus, one embodiment of the instant invention takes a step 
further in this embodiment, the first and the second sequences 
may encode for shRNAs or siRNAs of different SNP variants 
of the Huntington's Disease gene, and when the practitioner, 
using the allele-specific diagnosis disclosed in an earlier 
application, finds which SNP variant co-segregates with the 
disease-causing mutation, it would be possible to remove the 
sequence targeting the non-mutated (or wildtype) allele. 

Thus, for example, if the siRNA or shRNA is for reducing 
a mutated huntingtin, the following non-limiting exemplary 
sequences may be used (the SNP nucleotide is in bold): 

TABL E 1. 

sequences useful for 
alleles - specific huntingtin inhibition 

SEO ID No SEQUENCE 

1. 5'-aguggalugagggagcaggc-3' 

2 5'-gccugoucccucauccacu-3' 

3 5'-gcacacaguggalugaggga-3' 

4. 5'-ucccucauccacugugugc-3' 

5 5'-ugaagugcacacaguggau-3' 

6 5'-auccacugugugcacuuca-3' 

7 5'- Cacacagluggalugagggag-3 

8 5'-cucccucauccacugugug-3' 
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TABLE 1 - continued 

sequences useful for 
alleles - specific huntingtin inhibition 

SEQ ID No SEQUENCE 

9 5'-gcacacagulagalugaggga-3' 

O 5'-u.cccucaucuacugugugc-3' 

1. 5'-ugaagugcacacagua gau-3' 

2 5'-aucuacugugugcacuuca-3' 

3 5'-agulagalugagggagcaggc-3' 

4. 5'-gccugoucccucaucuacu-3' 

5 5'- Cacacagulagalugagggag-3 

6 5'-cucccucaucuacugugug-3' 

7 5'-gg.cgcagacuuccaaaggc-3' 

8 5'-gccuuuggalagucugogcc-3' 

9 5' - cacaagggcgcagacuucc-3' 

2O 5'-ggaaguclugcgc.ccuugug-3 

21 5'-gcagggcacaagggcgcag-3 

22 5' - clugcgc.ccuugugcc clugc-3' 

23 5'-acaaggg.cgcagacuucca-3' 

24 5'-luggaagucugog.cccuugu-3' 

25 5' - cacaagggcacagacuucc-3' 

26 5'-ggaaguclugu.gc.ccuugug-3 

27 5'-gcagggcacaagggcacag-3 

28 5' - clugu.gc.ccuugugcc clugc-3' 

29 5'-ggcacagacuuccaaaggc-3' 

3O 5'-gccuuuggalagucugugo C-3' 

31 5'-acaaggg cacagacuucca-3' 

32 5'-luggaaguclugu.gc.cculugu-3' 

33 5' - caaugguacagoucuuccu-3' 

34 5'-aggaagagcuguac cauug-3' 

35 5' - caucc caaugguacagcuc-3' 

36 5'-gag clugu.accaulugggalug-3 

37 5' - c caucccaaugguacagou-3' 

38 5'-agclugu.accaulugggalugg-3 

39 5' - uuguggc caucccaauggu-3' 

4 O 5'-accaulugggauggccacaa-3' 

41 5'-caacgguacagoucuuccu-3' 

42 5'-aggaagagclugu.ac.cgulug-3 

43 5' - caucccaacgguacagcuc-3' 

44 5'-gag clugu.ac.cgulugggalug-3 

45 5' - c caucccaacgguacagou-3' 

46 5'-agclugu.ac.cgulugggalugg-3 
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TABLE 1 - continued 

sequences useful for 
alleles - specific huntingtin inhibition 

SEO ID No SEQUENCE 

122 5'-guuugagccaauguaugug-3 

123 5' - cacaulacaucggcucaaac-3' 

124 5'-guuugagcc.galuguaugug-3 

These and other sequences useful for this invention were 
discovered by inventors and published in a PCT application 
PCT/US2008/064532 published as WO/20081147837 and 
incorporated herein by reference in its entirety. 

Alternatively, the first and the second sequences may con 
tain the bioactive molecules modifying the expression of the 
target gene to different degrees. Thus, if the effect of the gene 
therapy is stronger than desired, the practitioner may decide 
to remove one of the sequences coding for one of the bioactive 
molecules by administering the appropriate sequence modi 
fier. 
A person of ordinary skill in the art will recognize that the 

sequences, such as the first sequence and the second sequence 
may encode for more than only one bioactive molecule. For 
example, the practitioner may design the deoxyribonucleic 
acid sequence of the present invention in Such as way that one 
sequence, e.g., the first sequence, contains an internal ribo 
some entry site, or IRES. The methods of including IRES into 
the first sequence are well known in the art and described, for 
example, in Osti D. et al., J. Viral Methods. 2006 May 9. 
A person of ordinary skill in the art will further recognize 

that in some embodiments, it is advantageous to put the first 
and/or the second sequences under control of the first and/or 
the second promoters, or regulatory sequences, respectively. 
The regulatory sequences may comprise a basic promoter, 
such as, for example, a TATA box within 20-30 bases from the 
start of transcription of the bioactive molecule. Further, the 
regulatory sequence may comprise an enhancer located 
within or outside of the sequence defined by the first and the 
second pair of the first flanking sequence and/or at least the 
second pair of the flanking sequences. In one embodiment, 
the regulatory sequence may comprise highly and constitu 
tively active promoters. Suitable eukaryotic promoters 
include constitutive RNA polymerase II promoters (e.g., 
cytomegalovirus (CMV) promoter, the SV40 early promoter 
region, the promoter contained in the 3' long terminal repeat 
of Rous sarcoma virus (RSV), the herpes thymidine kinase 
(TK) promoter, and the chicken beta-actin promoter), and 
RNA polymerase III promoters (e.g., U6, H1, 7SK and 7SL). 
The person of ordinary skill will recognize that the sequences 
of these promoters are well known in the art. 

In yet another embodiment, the regulatory sequences may 
be organ and/or tissue specific promoters. In this embodi 
ment, the first and/or at least the second bioactive molecule 
will be expressed essentially in the cells which have the 
proper pool of transcription factors. By way of example, 
Mellon at al., was able to develop clonal, differentiated, neu 
rosecretory cell line comprising hypothalamic neurons 
secreting gonadotropin release factor by creating transgenic 
mice comprising SV40 T-antigen oncogene under control of 
GnRH regulatory region. Neuron, 5(1):1-10 (1990). 
The at least partially reversible gene therapy system of the 

present invention may be constructed by methods generally 
known to persons of ordinary skill in the art and described, for 
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14 
example, in Sambrook et al., Molecular Cloning, A Labora 
tory Manual (3d ed. 2001) and Ausubel et al., Current Pro 
tocols in Molecular Biology (1994). Further, the at least par 
tially reversible gene therapy system of the present invention 
may be produced by multiple methods, most notably, by 
using packaging cell Strains such as, for example, those 
described in J. M. Coffin, S. H. Hughes & H. E. Varmus (eds.), 
Retroviruses, Cold Spring Harbor Laboratory Press. Other 
methods for producing retroviruses and for infecting cells in 
vitro or in vivo are described in Current. Protocols in Molecu 
lar Biology, Ausubel, F. M. et al. (eds.) Greene Publishing 
Associates, (1989), Sections 9.10-9.14. 

In another aspect, the invention comprises methods of pro 
viding at least partially reversible gene therapy. In different 
embodiments, the method comprises accessing the target area 
within the patient’s body with a delivery device and deliver 
ing at a first time a deoxyribonucleic acid sequence according 
to the systems of the present invention, as described above. 
Further, the method comprises, the step of delivering an 
appropriate sequence modifier at a second, later time. In one 
embodiment, e.g., where the deoxyribonucleic acid com 
prises the first and the second sequences, the method may 
further comprise delivering another sequence modifier at a 
third time, which is after the second time. For example, in one 
embodiment, delivering the first sequence modifier at the 
second time may be useful for regulating the amount of a 
protein encoded by one of the sequences, e.g., the first 
sequence. In one embodiment, the administering of the first 
sequence modifier will not affect the expression of the second 
sequence. When the course of the treatment is complete (e.g., 
at the third time), the second sequence modifier may be 
administered to the target area to remove the second 
Sequence. 

In one embodiment, the delivery device comprises a cath 
eter. Preferably, the catheter is implantable. A person of the 
ordinary skill in the art will appreciate that such catheter may 
stay in the target area between the first and the second (and if 
necessary, the third) times, which will decrease trauma from 
the placement of the catheter and minimize a possibility that 
the sequence modifier will be delivered to an area different 
from the target area. 

In one embodiment, the target area is within the central 
nervous system, the patient’s brain. In this embodiment, the 
catheter may comprise an intracranial access catheter. The 
catheter will have a distal tip, which can be placed either in the 
parenchymal tissue of the brain or within a cerebral ventricle. 
The target area may be located by many methods. For 

example, for some application, the targeted area may be 
located by Stereotactical or gross anatomical atlases. In other 
embodiments, when the precise location of the targeted area 
is crucial, e.g., when the at least partially reversible gene 
therapy system is delivered into the brain of the patient, other 
mapping means may be used. Such mapping means include, 
without limitation, Positron Emission Tomography and 
Single Photon Emission Computed Tomography (PET and 
SPECT, respectively), pharmacological Magnetic Resonance 
Imaging (PhMRI), functional MRI (fMRI), and contrast-en 
hanced computerized tomography (CT) scan. 

In another embodiment, Computer-aided atlas-based func 
tional neuroSurgery methodology can be used to accurately 
and precisely inject the deoxyribonucleic acid of the present 
invention. Such methodologies permit three-dimensional dis 
play and real-time manipulation of cerebral structures. Neu 
roSurgical planning with mutually Preregistered multiple 
brain atlases in all three orthogonal orientations is therefore 
possible and permits increased accuracy of target definition 
for treatment injection or implantation, reduced time of the 
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Surgical procedure by decreasing the number of tracts, and 
facilitates planning of more Sophisticated, trajectories. See 
e.g. Nowinski W. L. et al., Computer-Aided Stereotactic 
Functional Neurosurgery Enhanced by the Use of the Mul 
tiple Brain Atlas Database, IEEE Trans MedImaging 19(1): 
62-69:2OOO. 

Following introduction of the deoxyribonucleic acid of the 
present invention into cells, changes in desired gene product 
levels can be measured if desired. Desired gene products 
include, for example, desired mRNA and desired polypep 
tide, and both can be measured using methods well-known to 
those skilled in the art. For example, desired mRNA can be 
directly detected and quantified using, e.g., Northern hybrid 
ization, in situ hybridization, dot and slot blots, or oligonucle 
otide arrays, or can be amplified before detection and quan 
titation using, e.g., polymerase chain reaction (PCR), reverse 
transcription-PCR (RT-PCR), PCR-enzyme-linked 
immunosorbent assay (PCR-ELISA), or ligase chain reaction 
(LCR). 

Desired polypeptides (or fragments thereof) can be 
detected and quantified using various well-known immuno 
logical assays, such as, e.g., enzyme-linked immunosorbent 
assay (ELISA), radioimmunoassay (RIA), immunoprecipita 
tion, immunofluorescence, and Western blotting. Antibodies 
that recognize the polypeptide epitopes (preferably the 
human epitopes) are commercially available for use in immu 
nological assays from, e.g., EMD Biosciences (San Diego, 
Calif.), Upstate (Charlottesville, Va.), Abeam (Cambridge, 
Mass.), Affinity Bioreagents (Golden, Colo.) and Novus Bio 
logicals (Littleton, Colo.), or may be produced by methods 
well-known to those skilled in the art. 
A person of ordinary skill in the art will also appreciate that 

the invention discloses a method of stopping or at least par 
tially reversing the gene therapy. In different embodiments, 
the method comprises delivering an effective amount of at 
least one sequence modifier, wherein the at least one sequence 
modifier is selected from the group consisting of the first 
sequence modifier, the second sequence modifier, and a com 
bination thereof. The identity of the sequence modifier can be 
determined on the basis of the flanking sequences Surround 
ing the sequence encoding a bioactive molecule, e.g., the first 
bioactive molecule, or the second bioactive molecule. For 
example, if the deoxyribonucleic acid has only the loxPflank 
ing sequences, then the sequence modifieris Cre. On the other 
hand, if the deoxyribonucleic acid sequence has both loxP 
and an attB/attP pair of flanking sequences, the sequence 
modifier is selected from the group consisting of Cre, dC31 
and a combination thereof. 
A person of ordinary skill in the art will appreciate that the 

sequence modifier can be genetically engineered. 
In one embodiment, the practitioner may choose to asso 

ciate the sequence modifier with a cell penetrating peptide 
moiety that enhances cellular uptake of the sequence modi 
fier. For example, the art has shown that a peptide comprising 
RGD or NGA sequences can target at least one sequence 
modifier to tumors. See, for example, Pasqualini et al., Nat. 
Biotechnol. 15(6):542-546 (1997) and U.S. Patent Pub. 
2004.0258747 (Ponzoni). Accordingly, such modification of 
the sequence modifier would be beneficial for the partially 
reversible gene therapy which is to be expressed in neovas 
cularized tissues, such as, for example, tumors, or painful 
intervertebral disks. Further, amino acid sequence CLPVASC 
(SEQ ID NO: 127) and CGAREMC (SEQID NO: 128) are 
kidney-specific homing peptides, while sequences CNSR 
LHLRC (SEQID NO: 129), CENWWGDVC (SEQID NO: 
130), WRCVLREGPAGGCAWFNRHRL (SEQ ID NO: 
131) are brain-specific homing peptides. U.S. Patent Pub. 
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20050037417 (Ruoslahti). Thus, in different embodiments of 
the invention, the sequence modifier is modified with a cell 
and/or tissue-specific homing sequence which is a peptide 
comprising an amino acid sequence selected from the group 
consisting of RGD (SEQ ID NO: 132), NGA (SEQID NO: 
133), CLPVASC (SEQID NO: 127), CENWWGDVC (SEQ 
IDNO: 130), CGAREMC (SEQIDNO: 128), CNSRLHLRC 
(SEQ ID NO: 129), WRCVLREGPAGGCAWFNRHRL 
(SEQID NO: 131), and a combination thereof. The methods 
of genetic engineering useful for modification of the 
sequence modifier are well known in the art and described, for 
example, in Andreas etal. (2002), Sambrook et al., Molecular 
Cloning, A Laboratory Manual (3d ed. 2001) and Ausubel et 
al., Current Protocols in Molecular Biology (1994). 
Methods of producing the sequence modifier are well 

known in the art. These methods include, without limitation, 
chemical synthesis and production of the recombinant at least 
one sequence modifier in expression systems. 

For example, an expression vector for the preparation of 
the sequence modifier may be a mammal-derived expression 
vector (for example, pcDNA3 (Invitrogen), pEGF-BOS 
(Nucleic Acids. Res. 18(17):5322, 1990), pEF, and pCDM8); 
an insect cell-derived expression vector (for example, “Bac 
to-BAC baculovirus expression system (GIBCO BRL), 
pBacPAK8); a plant-derived expression vector (for example, 
pMH1 and pMH2); an animal virus-derived expression vec 
tor (for example, pHSV, plMV, and pAdexLcw); a retrovirus 
derived expression vector (for example, pZlpneo); a yeast 
derived expression vector (for example, “Pichia Expression 
Kit' (Invitrogen), pNV 11, and SP-Q01); or a Bacillus subti 
lis-derived expression vectors (for example, pPL600 and 
pKTHO), other than E. coli. Also see Colley et al., J. Biol. 
Chem. 264:17619-17622 (1989); Guide to Protein Purifica 
tion, in Methods in Enzymology, Vol. 12 (Deutscher, ed., 
1990). The sequence modifier can be purified from the 
expression system by any method known in the art, including 
without limitation, the methods described in U.S. Patent. 
Application Publication No. 2005011804 (Lorens). 

For the expression in animal cells, such as CHO, COS, and 
NIH3T3 cells, the expression vector must have a promoter 
such as the SV40 promoter (Mulligan et al., Nature 277: 108, 
1979), MMLV-LTR promoter, the EF1C. promoter (Mi 
Zushima et al., Nucleic Acids Res. 18:5322, 1990), or the 
CMV promoter. More preferably, the vector may contain a 
marker gene for the selection of transformants (for example, 
a drug resistance gene for selection by a drug such as neomy 
cin and G418). Such vectors include, without limitations, 
pMAM, pIDR2, pBK-RSV, pBK-CMV, poPRSV, and pOp13. 

In another aspect, the invention provides kits for the at least 
partially reversible gene therapies. In different embodiments 
of the invention, the kits comprise any of the deoxyribo 
nucleic acid sequences as described above. Additionally, the 
kit may comprise a set of instructions for efficient and safe use 
of the kit. A person skilled in the art will undoubtedly appre 
ciate that the set of instruction may be provided in any 
medium, including, without limitations, printed, audio and 
Video recorded, and electronic. 

In additional embodiments of the invention, the kits further 
provide at least one sequence modifier, e.g., the first sequence 
modifier, or the second sequence modifier or a combination 
thereof. A person of ordinary skill in the art will understand 
that depending on the number and the character of flanking 
sequences in the provided deoxyribonucleic acid sequence of 
the present invention, that one or more sequence modifiers 
may be provided. For example, if the deoxyribonucleic acid 
sequence has only the loXP flanking sequences, then the 
sequence modifier is Cre. On the other hand, if the deoxyri 
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bonucleic acid sequence has both loxP and an attB/attP pair of 
flanking sequences, at least one sequence modifier is selected 
from the group consisting of Cre, dC31 and a combination 
thereof. 

In additional embodiments, the sequence modifier may be 
conveniently formulated with one or more pharmaceutically 
acceptable diluents, excipients and/or carriers. Such formu 
lations may be advantageous for storage of the at least one 
sequence modifier. 

In another aspect, the invention provides a host cell com 
prising the deoxyribonucleic acid sequence, as described 
above. A person of ordinary skill would understand and 
appreciate that a wide variety of cell types are suitable for this 
aspect of the invention. These cell types include, without 
limitation, neurons, skeletal myocytes, cardiac myocytes, 
Smooth muscle cells, endocrine cells, adipocytes, white blood 
cells, epithelial cells, glial cells, renal cells, corneal cells, 
bone marrow cells, hepatocytes, endothelial cells, angio 
blasts, cardiac myoblasts, vascular Smooth muscle cells, peri 
osteal cells, perichondrial cells, fibroblasts, skeletal myo 
blasts, neuronal cells, epidermal cells, non-vascular 
endothelial cells, keratinocytes, basal cells, lung cells, 
immune system cells, ovarian cells, cervical cells, foreskin 
cells, and totipotent, multipotent, or pluripotent cells, (includ 
ing, without limitation, embryonic and adult stem cells), and 
any combination thereof. In one embodiment, the host cell 
comprises a stem cell. The stem cells may be derived, for 
example, from hone marrow, glial cells, and adipose tissues. 
A person of ordinary skill in the art will undoubtedly rec 

ognize the advantages of this aspect of the invention, most 
notably, that the host cell may be maintained in culture. Thus, 
it would be easier and more efficient to transform the host cell 
with the at least partially reversible genetherapy system of the 
practitioner's choice. In addition, transforming the host cell 
in culture before administering the host cell to the patient has 
the advantage of allowing the practitioner to Verify and quan 
tify the level of expression of the therapeutic gene in the host 
cell and also verify the reversibility of the gene therapy in the 
host cell upon contacting the host cell with the appropriate 
sequence modifier (such as Cre recombinase, FLP recombi 
nase, or phiC31 recombinase or combinations thereof. 
A person of ordinary skill in the art would further recognize 

that it would be advantageous to select cells which are immu 
nologically compatible with the patient’s immune system 
(i.e., will not trigger an immune response). The host cells 
according to this embodiment of the invention may be 
obtained from the patient himself or from tested cell donors, 
including, without limitation, the patient's relatives, or other 
Suitably qualified and consenting donors that are living or 
recently deceased. 
As mentioned above, the host cells can be maintained in 

culture. The protocols for maintaining cells in culture are well 
known in the art and described, for example, in Basic Cell 
Culture Protocols, Jeffrey W. Pollard and John M. Walker 
(Editors), Humana Press, 2" Ed. 1997. 
A person of ordinary skill in the art will further recognize 

that at least some of the cell types suitable to be host cells may 
not only be maintained but also differentiated in culture. The 
cells may be maintained and/or differentiated, for example, 
by adding to the culture media an agent that promotes the 
growth or differentiation of the cultured cells. For example, it 
has been known in the art that mesenchymal stem cells can 
differentiate into mesodermal lineage cells Such as osteo 
cytes, chondrocytes, adipocytes and myocytes. Further, these 
cells may differentiate into neurons and neuroglial cells, U.S. 
Pat. Pub. 20060099.190 (Suh). Further, it has been reported 
that embryonic stem cells may be differentiated into insulin 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
secreting cells by culturing these cells in a first media con 
taining Activin A and then culturing these cells in a second 
media containing nicotinamide. U.S. Pat. No. 7,033,831. 
The invention further provides a method of at least partially 

reversible gene therapy comprising administering to a patient 
at least one host cell described above. As also discussed 
above, it is advantageous that the at least one host cell may be 
obtained from immunologically compatible sources, such as 
the patient him- or herself, the relatives and the tested donors. 
The targeted area for the injection of the host cells may be 

located by the same techniques useful for location of the 
targeted areas for injecting the at least partially reversible 
gene therapy system of the present invention, as described 
above. 

It has been previously shown that gene therapy vectors, 
Such as, for example, AAV vectors, are capable of retrograde 
axonal transport to introduce and express genes in neurons. 
U.S. Patent Pub. 2003.0118552 (Kasper). Thus, in another 
aspect, the invention provides a method and a system for a 
transient mapping of neuronal pathways. 

Such method and system can be used in combination with 
the at least partially reversible gene therapy system of the 
present invention. Accordingly, the use of such methods and 
systems will allow the practitioner to activate gene therapy 
only after the accuracy of the injection of the at least partially 
genetherapy system of the present invention has been verified 
thus providing an additional safeguard for using the system of 
the present invention. For example, in one embodiment, the at 
least partially reversible genetherapy of the present invention 
will comprise, in addition to the parts described above, a 
marker sequence. In another embodiment, the bioactive 
sequence (e.g., the first bioactive sequence or at least the 
second bioactive sequence) may comprise the marker 
sequence. Thus, the practitioner can verify the correct place 
ment and/or distribution of the at least partially reversible 
genetherapy system of the present invention prior to initiating 
the gene therapy treatment. One non-limiting embodiment 
allowing for such control can be as follows from 5' to 3': 

the first member of the first pair of the flanking sequences: 
a first tissue-specific promoter, 
the first member of the second pair of the flanking 

Sequences; 
a constitutively active promoter, 
a first bioactive sequence comprising a marker sequence 

under operable control of the constitutively active pro 
moter, 

the second member of the second pair of the flanking 
Sequences; 

at least the second bioactive sequence; 
the second member of the first pair the flanking sequences. 
A person of ordinary skill in the art will undoubtedly rec 

ognize that if the partially reversible gene therapy system 
described in the previous paragraph is administered to a 
patient, the second bioactive sequence will not be immedi 
ately expressed, but the marker protein will be. Thus, the 
practitioner will have an opportunity to verify the correct 
location/distribution of the partially reversible gene therapy 
system. If the location is correct, the practitioner will add the 
second sequence modifier to remove the sequence between 
the second pair of flanking sequences and place the second 
bioactive sequence under the control of the tissue-specific 
promoter and allow for expression of the gene therapy com 
pound. 
On the other hand, if the gene therapy system is placed or 

distributed incorrectly, the practitioner has an option of add 
ing at least the first sequence modifier to remove both the 
marker sequence and the second bioactive sequence, and thus 
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completely inactivate the gene therapy system. The removal 
of these components of the gene therapy system can be veri 
fied by visualization techniques, such as, for example, MRI. 

Further, this invention provides a system and a method 
allowing for a verification that the at least one sequence 
modifier Successfully removed the desired sequence (i.e., the 
first bioactive sequence), thus allowing the practitioner to 
stop administering the at least one sequence modifier when it 
is no longer necessary. This is important as a safety consid 
eration for the patient because it is known that prolonged 
exposure of cells to Some sequence modifiers, such as 
PhiC31, can cause chromosomal aberrations in cells (see 
Jeppesen, I., Nielsen, K., and Jensen, T. G. PhiC31 integrase 
induces chromosomal aberrations in primary human fibro 
blasts, Gene Therapy, 2006 (13) 1188–1190.) 

In this embodiment, the desired sequence (i.e., the 
sequence between the member of the first pair of the flanking 
sequences) comprises both a marker sequence and a thera 
peutic sequence (e.g., a siRNA, or an shRNA). The marker 
sequence can be operably linked to the same or another regu 
latory sequence as the therapeutic sequence. Administering 
of the first sequence modifier will remove both the marker 
sequence and the therapeutic sequence. 
The invention will now be described in the following non 

limiting examples. 

EXAMPLES 

Example 1 

Transgenic Mice Model 

The inventors used the BAG transgenic mouse model of 
HD (BAC-HD) that expresses the full-length human mutant 
htt, with loxP sites (SEQID NO 125: 5'-ctactitcgta tagcatacat 
tatacgaagt tat-3', SEQ. ID NO 126: 5'-ataactitcgtatagcataca 
ttatacgaagttat-3") flanking the exon 1 of mutant htt sequence 
encoding 97 CAC. This BAC transgenic mouse model exhib 
its progressive behavioral and neuropathological impair 
ments (Gray et al., 2008, J. Neurosci., 28:6182-95). 

Example 2 

Treatments 

Two-month-old wildtype (Wt) and transgenic (Tg) BAC 
HD mice were stereotaxically injected in groups of 18 (9 
males, 9 females) with 5 ul of pre-validated AAV2/1 con 
structs (expressing Cre) (10 virus expressing generics) into 
the striatum of both hemispheres at a rate of 0.5ul/min. 
CRE delivered in the striatum of BAC-HD mice as a pre 

lude to deciphering the potential therapeutic benefit of RNAi 
mediated knockdown of mutant htt in HD. The coordinates 
for injection were +0.5 mm (anterior-posterior); +1.8 mm 
(medial-lateral), and -3.6 mm (dorsal-ventral), relative to 
Bregma. 

In addition, the inventors investigated the therapeutic 
potential of supplementing brain-derived neurotrophic factor 
(BDNF) protein the striatal reduction of which is also impli 
cated in the pathogenesis of HD. BDNF was administered 
intrastriatally as a nucleic acid sequence within AAV in the 
amount of 10 genomes. 

Thus, the treatment groups were as follows: Inert (AAV 
expressing a control sequence); Cre (AAV expressing Cre); 
Cre-BDNF. 

All behaviors were assessed blind, 1 week prior to treat 
ment and intermittently until 12 months of age (ongoing). 
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All statistical analyses were performed using 2-way 

repeated measures anova followed by Tukey's post-hoc test. 

Example 3 

Treatment with CreAlone and with a Combination 
of CRE and BDNF Reverses Motor Deficit in Tg 

BAC-HD Mice 

Mice were first trained to traverse a circular beam (2-5 cm 
diameter, 40 cm length) from one end that was lit by a 60 W 
bulb to another end that terminated into a dark box. 

Immediately after completion of training (5 Successful tri 
als on the training beam), mice were tested on four beams that 
presented an increasing challenge to traverse (1.2 cm through 
0.3 cm diameter). The number of footslips, total distance 
traveled, and total time taken to traverse all beams were 
scored blind; data are represented as meant-SEM values for 
each group. A fall was scored with cut-off values of 4 for the 
number of footslips and 20 sec for the time to traverse per 
beam. 
As demonstrated in FIG. 1, control Tg BAC-HD mice 

exhibited a higher number of footslips compared to wt ani 
mals at all three time points (2 months, 5 months, and 8 
months). Treatments with Cre or Cre--BDNF significantly 
reduced the number of footslips in five (p<0.001, Tg-Cre vs. 
Tg-inert, p<005 Tg-Cre+BDNF vs. Tg-inert) and eight 
Month old Tg BAC-HD mice (p<0.01, Tg-Cre vs. Tg-inert: 
p<0.001, Tg-CreBDNF vs. Tg-inert). When compared to the 
wt mice, the number of footslips in five and eight month-old 
Tg BAC-HD mice treated with Cre or Cre--BDNF was not 
significantly different from that of the control wt mice or wt 
mice treated with Cre (Tg-Cre or Cre+BDNF vs. Wt. Cre or 
inert; all nonsignificant at 5 or 8 month time point). 
The distance traveled by the animals in this experimental 

set-up is summarized in FIG. 2. Control Tg BAC-HD mice 
traveled a shorter distance than the wt animals, and the dif 
ference between the Tg BAC-HD and wt mice increased at 
five and eight months. Treatments with Cre or Cre--BDNF 
significantly increased the distance traveled in five (p<0.05, 
Tg-Cre vs. Tg-inert, p=0.001, Tg-Cre+BDNF vs. Tg-inert) 
and or eight-month old Tg BAC-HD mice (p<0.05, Tg-Cre vs. 
Tg-inert, p<0.001, Tg-Cre--BDNF vs. Tg-inert) compared to 
the control transgenic animals. When compared to the wt 
mice, five and eight month-old Tg BAC-HD mice treated with 
Cre or Cre--BDNF traveled about the same distance as the 
control wt mice or wt mice treated with Cre (Tg-Cre or 
Cre--BDNF vs. Wt. Cre or inert; all non-significant at 5 and 8 
month time point). 

FIG. 3 illustrates the time taken by the animals to traverse 
the beam. While differences between wt and transgenic mice 
were observed in two-month old animals, treatment with Cre 
or Cre+BDNF at two months age attenuated or eliminated 
these differences at five (p<0.01, Tg-inert vs. Wit-inert or 
Wt-Cre or Tg-Cre--BDNF; p<0.05, Tg-inert vs. Tg-Cre) and 
eight months of age (p<0.001, Tg-inert vs. Wit-inert, p<0.01, 
Tg-inert vs. Wit-Cre). 

Example 4 

Tg BAC-HD Mice Reveal Improved Locomotor 
Activity. Upon Treatment with AAV-Cre AAV-BDNF, 
while their Deficit in the Accelerating Rotarod Test 

Remains Unaltered 

Mice were placed in an open field chamber (40 cmx40cm), 
and the distance traveled was scored by the ANY-Maze soft 
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ware (Stoelting, Wood Dale, Ill.). Data are presented in FIG. 
4 as meant-SEM values for each group. Briefly, the distance 
traveled increased with age in wt animals. In two month old 
Tg BAC-HD mice, the distance traveled was about the same 
as in wt animals. However, as the transgenic mice aged, the 
distance did not change. In eight month old control transgenic 
animals, the distance traveled was significantly less than the 
distance traveled by age-matched wit counterparts (P<0.001, 
Tg-inert or Cre vs. Wit-inert or Cre). Treatment with Cre-- 
BDNF, but not Cre alone, somewhat increased the distance 
traveled, albeit no statistically significant differences were 
observed. 

In another test, mice were subjected to an accelerating 
rotarod test (acceleration from 4-40 rpm for 5 min, followed 
by 40 rpm for 5 min) for 3 days, involving 3 trials (separated 
by an hr) per day. The latency to fall per day has been depicted 
in FIG. 5 as meant-SEM values for each group. In this test, 
treatments with Cre or Cre+BDNF did not improve the deficit 
exhibited by transgenic mice compared to wt animals. 

Example 5 

Ongoing Testing Indicates Possibly Reduced Anxiety 
in the Tg BAC-HD Mice Upon Treatment with 

Cre-BDNF 

Mice were placed in the center of the light compartment 
facing away from the dark compartment in the light-dark box, 
and the number of transitions across the two compartments, 
total time spent in the light compartment, and the latency to 
first enter the dark compartment were scored blind. These 
data are illustrated in FIG. 6. (p<0.05, Tg-inert or Cre vs. 
Wit-inert or Creat 8 months age). The meant-SEM values are 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 133 

SEO ID NO 1 
LENGTH 19 
TYPE RNA 

ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

agluggalugag gagc aggc 

SEO ID NO 2 
LENGTH 19 
TYPE RNA 

ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

gccugouccc ucauccacu 

SEO ID NO 3 
LENGTH 19 
TYPE RNA 

ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 3 

gCacacaglug galugaggga 

<21 Os SEQ ID NO 4 
&211s LENGTH: 19 
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presented for the time spent in light by each group; no group 
differences were observed for the number of transitions and 
latency to enter the dark compartment at any age. 

Example 6 

CretBDNF Tends to Improve the Performance of Tg 
BAC-HD Mice in the Novel Object Recognition Test 

The novel object recognition test was continued on mice 
following the locomotion task in the open-field chamber. 
Mice were first allowed to explore 2 different objects, placed 
diagonally opposite in the field, for 10 min. In the Subsequent 
10-min trial one of the objects was replaced with a novel 
object, and the recognition index was calculated as described 
(Dodartet al., 2002, Nat. Neurosci., 5:452-7) using the ANY 
maze software (Stoelting). Data are presented in FIG. 7 as 
meant-SEM values for each group. (p<0.01, Tg-inert vs. Tg 
Cre or Cre+BDNF at 8 months age). 

Although the invention herein has been described with 
reference to particular embodiments, it is to be understood 
that these embodiments are merely illustrative of the prin 
ciples and applications of the present invention. It is therefore 
to be understood that numerous modifications may be made 
to the illustrative embodiments and that other arrangements 
may be devised without departing from the spirit and scope of 
the present invention as defined by the following claims. 

All publications cited in the specification, both patent pub 
lications and non-patent publications, are indicative of the 
level of skill of those skilled in the art to which this invention 
pertains. All these publications are herein fully incorporated 
by reference to the same extent as if each individual publica 
tion were specifically and individually indicated as being 
incorporated by reference. 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 4 

luccCuCaucc acugugu.gc 

<210s, SEQ ID NO 5 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 5 

ugaagugcac acagluggalu. 

<210s, SEQ ID NO 6 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 6 

aluccacugug lugcaculuca 

<210s, SEQ ID NO 7 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OO > SEQUENCE: 7 

Cacacaglugg alugagggag 

<210s, SEQ ID NO 8 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 8 

CuccCucauc Cactugugu.g 

<210s, SEQ ID NO 9 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 9 

gcacacagua gaugaggga 

<210s, SEQ ID NO 10 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 10 

luccCucaucu acugugu.gc 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 11 

ugaagugcac acagulagalu. 

<210s, SEQ ID NO 12 
&211s LENGTH: 19 

23 

sapiens 

sapiens 
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sapiens 

sapiens 

sapiens 

sapiens 

sapiens 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 12 

aucuacugug lugcaculuca 

<210s, SEQ ID NO 13 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 13 

agllagalugag gagcaggc 

<210s, SEQ ID NO 14 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 14 

gcculgcuccc ulcalculacu 

<210s, SEQ ID NO 15 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 15 

Cacacagulag alugagggag 

<210s, SEQ ID NO 16 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 16 

CuccCucaucuacugugu.g 

<210s, SEQ ID NO 17 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 17 

ggcgcagacu luccalaaggc 

<210s, SEQ ID NO 18 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 18 

gccuuuggala glucugogCC 

<210s, SEQ ID NO 19 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 19 

caca agggcg Cagacuucc 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 19 

25 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 2O 

ggaagllclugc gccCullgug 

<210s, SEQ ID NO 21 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 21 

gCagggcaca agggcgcag 

<210s, SEQ ID NO 22 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 22 

clugcgc.ccuu glugcc clugc 

<210s, SEQ ID NO 23 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 23 

acaagggcgc agaculucca 

<210s, SEQ ID NO 24 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 24 

luggalaguclug cqc cculugu 

<210s, SEQ ID NO 25 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 25 

caca agggca Cagacuucc 

<210s, SEQ ID NO 26 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 26 

ggaagllclugu gccCullgug 

<210s, SEQ ID NO 27 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 27 

gCagggcaca agggcacag 

<210s, SEQ ID NO 28 
&211s LENGTH: 19 

27 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 28 

clugu.gc.ccuu glugcc clugc 

<210s, SEQ ID NO 29 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 29 

ggcacagacu luccalaaggc 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 30 

gccuuuggala glucugugcc 

<210s, SEQ ID NO 31 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 31 

acaagggcac agaculucca 

<210s, SEQ ID NO 32 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 32 

luggalaguclug lugcc.culugu 

<210s, SEQ ID NO 33 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 33 

Caalugguaca gCuculuccul 

<210s, SEQ ID NO 34 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 34 

aggaagagcu guaccalulug 

<210s, SEQ ID NO 35 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 35 

CauccCaalug guacagculc 

<210s, SEQ ID NO 36 
&211s LENGTH: 19 

29 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 36 

gagclugllacc allugggallg 

<210s, SEQ ID NO 37 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OO > SEQUENCE: 37 

cCaucccalau ggulacagcul 

<210s, SEQ ID NO 38 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 38 

agculgulacca lulugggalugg 

<210s, SEQ ID NO 39 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 39 

uluguggcc au cccaaluggu 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 4 O 

accaluluggga luggccacala 

<210s, SEQ ID NO 41 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 41 

Caacgguaca gCuculuccul 

<210s, SEQ ID NO 42 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 42 

aggalaga.gcl glaccgulug 

<210s, SEQ ID NO 43 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 43 

CauccCaacg guacagculc 

<210s, SEQ ID NO 44 
&211s LENGTH: 19 

31 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 1.OO 

ggggacagua aluucaacgc 

<210s, SEQ ID NO 101 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 101 

agcgulugaalu ulaclugu.ccc 

<210s, SEQ ID NO 102 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 102 

gggacagulaa lulucaacgcu. 

<210s, SEQ ID NO 103 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 103 

lucullculag.cg uugaalullac 

<210s, SEQ ID NO 104 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 104 

guaaluulcaiac gculagalaga 

<210s, SEQ ID NO 105 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 105 

gaaguaculgul C cc caucuc 

<210s, SEQ ID NO 106 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 106 

gagalugggga Caguacullc 

<210s, SEQ ID NO 107 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 107 

gcgulugaagu aculguccCC 

<210s, SEQ ID NO 108 
&211s LENGTH: 19 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 108 

ggggacagua cullcaacgc 

<210s, SEQ ID NO 109 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 109 

agcgulugaag ulaclugu.ccc 

<210s, SEQ ID NO 110 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 110 

gggacaguac ulucaacgcu. 

<210s, SEQ ID NO 111 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 111 

lucullculag.cg uugaaguac 

<210s, SEQ ID NO 112 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 112 

guacuucaac gculagalaga 

<210s, SEQ ID NO 113 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 113 

ulagcgulugaa lulla clugucc 

<210s, SEQ ID NO 114 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 114 

ggacaguaalu ulcaacgcula 

<210s, SEQ ID NO 115 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 115 

ulagcgulugac ulua clugucc 

<210s, SEQ ID NO 116 
&211s LENGTH: 19 
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212. TYPE : RNA 
&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 116 

ggacaguaag ulcaacgcula 

<210s, SEQ ID NO 117 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 117 

ulagcgulugaa guaculgucc 

<210s, SEQ ID NO 118 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 118 

ggacaguacul ulcaacgcula 

<210s, SEQ ID NO 119 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 119 

ulagcgulugau guaculgucc 

<210s, SEQ ID NO 120 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 120 

ggacaguaca ulcaacgcula 

<210s, SEQ ID NO 121 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 121 

Cacaulacaulu ggcucaaac 

<210s, SEQ ID NO 122 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 122 

guuugagcca auguaugug 

<210s, SEQ ID NO 123 
&211s LENGTH: 19 
212. TYPE : RNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 123 

cacaulacauc gigoucaaac 

<210s, SEQ ID NO 124 
&211s LENGTH: 19 
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< 4 OOs 

53 

TYPE : RNA 

ORGANISM: Homo sapiens 

SEQUENCE: 124 

guuugagc.cg allglaugllg 

SEQ ID NO 125 
LENGTH: 33 
TYPE: DNA 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: LoxP site 

SEQUENCE: 125 

c tactitcqta tag catacat tatacgaagt tat 

ataactitcgt at agdataca ttatacgaag titat 

SEQ ID NO 126 
LENGTH: 34 
TYPE: DNA 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: LoxP site 

SEQUENCE: 126 

SEO ID NO 127 
LENGTH: 7 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 

US 8,324,367 B2 
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OTHER INFORMATION: completely synthesized 

SEQUENCE: 127 

Cys Lieu Pro Val Ala Ser Cys 
1. 5 

SEQ ID NO 128 
LENGTH: 7 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: completely synthesized 

SEQUENCE: 128 

Cys Gly Ala Arg Glu Met Cys 
1. 5 

SEQ ID NO 129 
LENGTH: 9 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: completely synthesized 

SEQUENCE: 129 

Cys Asn. Ser Arg Lieu. His Lieu. Arg Cys 
1. 5 

SEQ ID NO 130 
LENGTH: 9 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: completely synthesized 

SEQUENCE: 13 O 

19 
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- Continued 

Cys Glu Asn Trp Trp Gly Asp Val Cys 
1. 5 

SEQ ID NO 131 
LENGTH: 21 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 
OTHER INFORMATION: completely synthesized 

SEQUENCE: 131 

Trp Arg Cys Val Lieu. Arg Glu Gly Pro Ala Gly Gly Cys Ala Trp Phe 
1. 

Asn Arg His Arg Lieu. 

SEQ ID NO 132 
LENGTH: 3 
TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 

OTHER INFORMATION: completely synthesized 

SEQUENCE: 132 

Arg Gly Asp 
1. 

SEQ ID NO 133 
LENGTH: 3 

TYPE PRT 

ORGANISM: ARTIFICIAL SEQUENCE 
FEATURE: 

OTHER INFORMATION: completely synthesized 

SEQUENCE: 133 

Asn Gly Ala 
1. 

The invention claimed is: 
1. A deoxyribonucleic acid (DNA) sequence comprising: 
(1) a first sequence, said first sequence having a 5' end and 

a 3' end; and 
(2) a second sequence, said second sequence having a 5' 

end and a 3' end; and 
(3) a first pair of flanking sequences, wherein a first mem 

ber of the first pair is located upstream of the 5' end of the 
first sequence and a second member of the first pair is 
located downstream of the 3' end of the second 
sequence; and 

(4) a second pair of flanking sequences, wherein a first 
member of the second pair is located downstream of the 
3' end of a first member of the first pair and upstream of 
the 5' end of the first sequence; and a second member of 
the second pair is located downstream of the 3' end of the 
first sequence and upstream of the 5' end of the second 
sequence; wherein: 

one of the first sequence or the second sequence encodes a 
siRNA or shRNA capable of reducing mutated hunting 
tin and the other of the first sequence or the second 
sequence encodes a brain-derived neurotrophic factor 
(BDNF), 

the first sequence is excisable from said deoxyribonucleic 
acid sequence upon exposure of said deoxyribonucleic 
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acid sequence to a second sequence modifier that recog 
nizes the second pair of flanking sequences, and either: 

a) the second sequence is excisable from said deoxyribo 
nucleic acid sequence upon exposure of said deoxyribo 
nucleic acid sequence to a first sequence modifier that 
recognizes the first pair of flanking sequences, or 

b) both the first and second sequences are excisable 
together from the said deoxyribonucleic acid sequence 
upon exposure of said deoxyribonucleic acid sequence 
to the first sequence modifier, and 

wherein the first member of the first pair of flanking 
sequences is located upstream of the 5' end of the first member 
of the second pair. 

2. The DNA sequence of claim 1, wherein said siRNA or 
shRNA is capable of reducing mutated huntingtin in an allele 
specific manner and comprises a first Strand and a second 
Strand, each of said strands being 19-29 nucleotides long, and 
wherein the first Strand comprises a sequence encoding SEQ 
ID NO: 65. 

3. The DNA sequence of claim 1, wherein: 
the first sequence modifier is different from the second 

sequence modifier, 
the first sequence modifier is selected from the group con 

sisting of Cre recombinase, FLP recombinase, and 
phiC31 recombinase; and 



US 8,324,367 B2 
57 

the second sequence modifier is selected from the group 
consisting of Cre recombinase, FLP recombinase, and 
phiC31 recombinase. 

4. The DNA sequence of claim 1, included within a viral 
Vector. 

5. The DNA sequence of claim 4, wherein the viral vector 
is an AAV vector. 

6. The DNA sequence of claim 1, wherein the first or 
second sequence is operably linked to a regulatory sequence. 

7. The DNA sequence of claim 6, wherein the regulatory 
sequence is a promoter. 

8. The DNA sequence of claim 7, wherein the promoter is 
a constitutively active promoter. 
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9. The DNA sequence of claim 7, wherein the promoter is 

a tissue- or organ-specific promoter. 
10. The DNA sequence of claim 7, wherein the promoter is 

one selected from the group consisting of a cytomegalovirus 
(CMV) promoter, a SV40 early promoter region, a Rous 
sarcoma virus (RSV) promoter, a herpes thymidine kinase 
(TK) promoter, a chicken beta-actin promoter, a RNA poly 
merase III promoter, a MMLV-LTR promoter, and an EF1C. 
promoter. 

11. The DNA sequence of claim 10, wherein the RNA 
polymerase III promoter is one selected from the group con 
sisting of U6, H1, 7SK and 7SL promoters. 
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